The objective of the study was to compare the craniofacial characteristics of children with operated unilateral complete cleft lip and palate (UCLP) with those of noncleft children. Lateral and posteroanterior cephalometric radiographs of subjects with UCLP and controls who were matched for sex, age, and ethnic origin were analyzed and compared. There were a total of 21 subjects with UCLP (10 boys and 11 girls) from the Orthodontic Department of Selcuk University and 15 controls (7 boys and 8 girls) from the Orthodontic Department of Ankara University. The nasal bone length in the group with cleft did not differ significantly from that in the control group. Subjects with UCLP included in the study appeared to have shorter faces, smaller mandibulae, greater lateral orbital width, and smaller sella turcicae compared with controls. Unilateral cleft lip and palate affects the intracranial morphology as well as dentofacial structures.
C left lip and palate is a common craniofacial deformity with multiple etiology with an incidence of approximately 0.36 to 0.83 per 1000 live births. 1, 2 The cause and time of cleft formation vary with regard to cleft type. The failure of fusion between the medial nasal process and the maxillary process in the primary palate during the fourth to the seventh week of gestation results in cleft lip and alveolus. Cleft palate results from fusion failure between the palatal processes in the secondary palate during the 7th to the 12th week. 3 Unilateral cleft lip and palate (UCLP) accounts for 33% of such deformities, and it completely cleaves the lip and palate, resulting in the separation of maxilla into 2 segments, namely, lesser segment and greater segment. 4 Sagittal deficiency of the midface resulting in a concave facial profile is the most prominent feature in adult patients with complete UCLP. 5 Moreover, children born with clefts of lip and palate have disruption of the hard tissues of the nasomaxillary skeleton. 6 Smahel et al 7 suggested that subjects with UCLP had a slightly smaller neurocranium without marked changes of the cranial base, and basic facial skeletal deviations of them included a shortening of maxillary depth, reduction of the upper face height, widening of some maxillary dimensions (interorbital and of nasal cavity), and mandibular changes resulting from growth deficiency (they consisted of shortening of the body and ramus, elongation of anterior mandibular height, obtuse gonial angle and retrognathia). In a study by Nielsen et al, 8 it was found that newborns with cleft lip and palate had deviations in sella turcica morphology. Furthermore, Sandham and Cheng 9 reported significantly smaller clivus length in individuals with cleft lip and palate versus those without cleft.
The purpose of this study was to compare the craniofacial characteristics of subjects with UCLP with those of subjects with no skeletal deformity or malocclusion.
MATERIALS AND METHODS
T he sample of this study comprised 21 children (10 boys and 11 girls) with UCLP and 15 (7 boys and 8 girls) noncleft children. The subjects with UCLP were between 13.3 and 9.1 years old (mean, 11.4 years; SD, 1.4 years). Noncleft subjects were matched for age and sex with the subjects with UCLP and served as the controls. The subjects in the control group were between 13.4 years and 9.1 years old (mean, 11.4 years; SD, 1.5 years). The age and sex distribution of subjects in different groups is shown in Table 1 . All the records of control subjects were acquired from the archive of the Orthodontic Department of Ankara University.
The subjects with cleft were included in the study according to the following criteria:
1. early infant orthopedics with the Hotz and Gnoinski 10 plate 2. cleft repair with 1-stage surgery (simultaneous repair of cleft lip, palate, and alveolus at a single surgical session) between the 6th and 12th month of life at the same center 3. correction of anterior and posterior crossbites with removable appliances at ages 6 to 8 years, if indicated. 4. total UCLP 5. no syndrome associated with UCLP and no mental retardation 6. no secondary bone grafting 7. white origin The inclusion criteria for the control subjects were as follows:
1. class I skeletal malocclusion 2. no existence of cleft lip and palate 3. no history of orthodontic treatment 4. white origin All lateral and posteroanterior (PA) cephalometric radiographs were taken from subjects with cleft with the same orthopantomograph (Planmeca-PM 2002 CC Proline; Planmeca, Helsinki, Finland) with each subject's lips in the resting position, the Frankfort horizontal plane parallel to the floor, and the jaws in centric relation. The radiographs were taken from control subjects in the same manner using a different orthopantomograph (Orthopantomograph 10; Siemens AG, Bensheim, Germany). All radiographs of both groups were traced by the same researcher. The magnification of the radiographs was 7.2 for the group with cleft and 8 for the control group. All cephalometric distances and surface area values were adjusted for radiographic distortion by subtracting the percentage of magnification. The landmarks identified on the radiographs are shown in Figures 1 and 2 .
One surface, 14 linear, and 14 angular measurements were made on each lateral cephalometric radiograph, and a total of 7 linear measurements were made on each PA radiograph.
For the calculation of the surface area of sella turcica on lateral cephalometric radiographs, the outmost boundaries of sella turcica including the dorsum sella, posterior clinoid process, posterior wall of sella turcica, floor of sella turcica, anterior wall of sella turcica, and tuberculum sella were drawn on a matte acetate paper then digitized and transferred to a CAD program (Autocad 2004; Autodesk Inc, San Rafael, CA) program using a digital tablet (Genius PenSketch; KYE Systems Corp, Taipei, Taiwan). Afterward, a line connecting the tuberculum sella and dorsum sella was drawn, and the surface area was calculated using sketch and area commands on the CAD program (Fig 3) .
Error of Method
To determine the error in measurements, 10 radiographs which were picked at random were retraced, and surface area of 10 sella turcicae were recalculated at a minimum of 5 days later. Method errors were calculated by Dahlberg's 11 formula, ME = ¾Sd 2 /2n, where Sd 2 is the sum of the squared differences between the 2 mean values, and n is the number of double measurements. The method errors for linear, angular, and area measurements were not statistically significant and did not exceed 0.7 mm, 0.8 degrees, and 0.6 mm 2 , respectively, for any variables.
Statistical Method
To compare the control subjects with the subjects with cleft, the obtained data were evaluated using MannWhitney test.
RESULTS
Lateral Cephalometric Radiographs N o statistically significant difference was found between the control subjects and subjects with is the point at the deepest midline concavity on the maxilla below the anterior nasal spine; anterior nasal spine (ANS), the tip of the bony anterior nasal spine; posterior nasal spine (PNS), intersection between the nasal floor and the posterior contour of the maxilla; nasion (N), the most anterior part of the frontonasal suture in the median plane; nasale (Na), the tip of the nasal bone; orbitale (Or), the lowest point in the inferior margin of the orbit; sella (S), the center of sella turcica; pterygomaxillary fissure (Ptm), the most superior point on the outline of the pterygomaxillary fissure; porion (Po), superior border of external auditory meatus; articulare (Ar), the point of intersection of the posterior border of the condylar process of the mandible and the inferior border of the basilar part of the occipital bone; basion (Ba), anterior border of foramen magnum; gonion (Go), the constructed point of intersection of the ramus plane and the mandibular plane; menton (Me), the lowermost midline point on the mandibular symphysis; gnathion (Gn), the most anteroinferior point on the symphysis; pogonion (Pg), the most anterior point of the bony chin in the median plane; B point (B), the point at the deepest midline concavity of mandibular symphysis; mandibular plane (MP), the line connecting gonion and gnathion; posterior ramus plane (PRP), the line drawn tangent to the posterior border of mandibular ramus; Frankfort horizontal plane (FH), the line connecting porion and orbit. cleft in cranial base dimensions or in cranial base angle. However, the surface area of sella turcica of the control group was found to be statistically significantly greater than that of the group with cleft. Statistically significant differences were found for 2 variables regarding anterior and posterior upper face heights (N-ANS [nasionYanterior nasal spine] and S-PNS [sellaYposterior nasal spine]) between the group with cleft and control group. Both anterior and posterior upper face heights in the group with cleft were found to be shorter than those in the control group.
In the mandibular measurements, variables concerning vertical and sagittal dimensions of the mandible (Ar-Gn [articulare-gnathion] and Ar-Go [articulare-gonion]) showed statistically significant differences suggesting a mandibular deficiency in the group with cleft. As in the upper face height, a statistically significant difference was found for the variable regarding anterior lower face height (Me [ANS-menton]).
The comparisons between UCLP and control group measurements obtained from lateral cephalometric radiographs are shown in Table 2 .
PA Cephalometric Radiographs
Statistically significant differences were found for 2 variables (OR-OL [right and left points on the mesial border of zygomaticofrontal suture] and V-GN [uppermost point on calvariaYlowermost point on mandibular symphysis]) on PA cephalometric radiographs. Lateral orbital width in the group with cleft was found to be significantly greater than in the control group. Total face height was found to be significantly shorter in the group with cleft than in the control group. The comparisons between UCLP and control group measurements obtained from PA cephalometric radiographs are shown in Table 3 .
DISCUSSION
A ccording to the results of this study, there seems to be differences in vertical facial dimensions, mandibular size, sella turcica size, and in lateral orbital width between operated-on children with UCLP and matched noncleft group.
No difference was found in the cranial base angle between the group with cleft and noncleft group. This is in agreement with the results of Moss, 12 Brader, 13 Ross, 14 Mars and Houston, 15 and Capelozza Filho et al 16 and with many studies on operated bilateral cleft lip and palate in that the cranial base is not significantly different in individuals with cleft lip and palate. 9, 17, 18 As for the cranial base dimensions, there was no statistically significant difference in anterior cranial base length, posterior cranial base length, or in overall cranial base length between the group with operated UCLP and the control group. This finding suggests that the local maxillary defect and the subsequent scar tissue resulting from surgery do not have an influence on aforementioned lengths. This is in accordance with the results of Aduss. 19 The only variable concerning intracranial morphology that showed statistically significant difference was the surface area of sella turcica measured on lateral cephalometric radiographs. The group with cleft was found to have a smaller sella turcica as observed on lateral cephalometric radiographs. Nielsen et al 8 examined the morphology of sella turcica in newborns with UCLP and UCL and found a higher incidence of morphologic deviations in this area in newborns with UCLP compared with those with UCL. These investigators concluded that sella turcica morphology might be affected in individuals with clefts and that some hypophyseal/endocrine and somatic growth problems might be associated with clefts. However, some researchers who compared the growth of children with different types of clefts did not observe differences between groups, or between these groups and noncleft children. 20 Other investigators confirmed that children with clefts had a normal genetic growth potential and normal growth hormone levels in blood serum and indicated the importance of the environmental factors in modifying their growth conditions.
21Y23
The results regarding nasal bone length concur with the findings of Hansen et al 24 that the size of the nasal bone is not affected in individuals with UCLP. Hansen et al compared the nasal bone length of fetuses having cleft lip and palate with that of normal fetuses and found no difference in nasal bone length in cleft lip and palate. The findings of the current study suggest that the nasal bone length of individuals with UCLP remain unaffected during preadolescent and early adolescent period.
The group with cleft showed decreased vertical facial dimensions manifested by decreased anterior upper face height, posterior upper face height, and anterior lower face height as measured on lateral cephalometric radiographs. These findings are supported by the decreased total face height as observed on PA radiographs. In addition to the total face height, another variable measured on PA radiographs that showed statistically significant difference between the group with cleft and controls was lateral orbital width. The group with cleft exhibited a greater lateral orbital width compared with controls. This finding suggests that the cleft lip and palate may cause an abnormal development in the nasofrontal process, which in turn affects the facial development resulting in an increase in lateral orbital width.
To our knowledge, this study is the first to investigate the difference in nasal bone length and sella turcica surface area between the children with UCLP and children without cleft lip and/or palate, cephalometrically, despite its small sample size. However, to have a better understanding of the interrelation between craniofacial dimensions, UCLP, and sella turcica size, further investigations should be performed to evaluate three-dimensionally the sella turcica size in a larger sample of children with UCLP using advanced imaging techniques.
CONCLUSIONS S
ubjects with UCLP included in the study were found to have shorter faces, smaller mandibulae, and greater lateral orbital width compared with noncleft children.
No significant difference was found between the group with cleft and the control group in the intracranial morphology except for sella turcica surface area as measured on lateral cephalometric radiographs. The surface area of sella turcica of the control group was found greater than that of the group with cleft.
The nasal bone length in the group with cleft did not differ significantly from that in the control group.
